Russian and overseas sources published in the last twenty years for aluminum nitride preparation methods are studied. Both basic and relatively simple technology, as well as atypical innovative procedures, are analyzed, making it possible to form a complete picture of aluminum nitride preparation methods within the world.
xRE(NO 3 ) 3 l + (1 -x)Al(NO 3 ) 3 l + 3NH 4 OH l = Al 1 -x RE x (OH) 3 so + 3NH 4 NO 3 l.
In the second stage cleaned hydroxide reacts with concentrated ammonium fluoride at 80°C in accordance with the following reaction:
Al 1 -x RE x (OH) 3 so + 6NH 4 F l = (NH 4 ) 3 Al 1 -x RE x F 6 so + 3H 2 O l + 3NH 3 g. (11)
In the third stage fluoride product of the second stage is placed in a furnace and dried for 12 h at 200°C. Once-dried Al 1-x RE x (OH) 3 is heated in an ultrapure ammonia atmosphere at high temperature (desirably~900°C for 2.5 h) for complete conversion of fluorides into nitrides:
(NH 4 ) 3 Al x RE 1 -x F 6 so + NH 3 g = Al x RE 1 -x N so + 6NH 4 F g.
The final product is a compound Al x Re 1 -x N containing alloying additions, controlled by addition of different first stage nitrates. It has been detected that the final product of the second stage may contain tetrafluorides Al x RE 1 -x N. in addition to hexafluorides (NH 4 )3Al 1 -x RE x F 4 . Although the ammonium aluminohexafluorides dissolve well in water at room temperature, in contrast to Ga and In, a white residue always remains after the second stage. The elemental analysis of this residues shows presence of oxygen, which is quite complicated to remove in the course of ammonia treatment. In order to obtain highly pure aluminum nitride is it necessary to remove the oxygen source at the end of the second stage. This was achieved by an increase in liquid ammonium fluoride quality, taken in excess from a stoichiometric ratio, and acceleration of reaction due to an increase in temperature. Subsequent elemental analysis of AlN at the end of the third stage showed a lower oxygen content and absence of any second phase in final product.
Rapid solid-phase reactions for AlN preparation are described in [45] . The following starting substance were taken: AlCl 3 (99.99%), Al 2 S 3 (99.9%), Li 3 N (99.5%), and Ca 3 N 2 (99%). Aluminum iodide (AlI 3 ) was prepared by heating elements that comprise it (Al 99.5% and I 2 ), and taken from a tube in the gas phase due to a temperature gradient from 463 to 623 K (as for generally known GaI 3 preparation). The AlN obtained was transferred to a chamber for operation with hazardous materials, filled with helium. The amount of AlN obtained was 0.20 g (4.8 mole). Reagents were taken in a stoichiometric ratio, mixed and ground in a mortar, stirred in a stainless steel or ceramic crucible, and then in a larger open reaction vessel. This made it possible to retain gases liberated in the course of reaction. The reaction was initiated on heating by means of a nickel-chromium heater, made in the form of a wire. The solid-phase reaction was exothermic, as a result of which the reaction may commence spontaneously on mixing reagents. Reaction products are then removed from a drying chamber, and washed in 0.1 M HCl or 1.0 M H 3 PO 4 . During removal of subsidiary salts by washing with water, acid provides self-catalytic hydrolysis of the product. In order to reduce the duration of AlN in aqueous solution the product is slowly filtered in a vacuum through a glass microfiber filter paper and dried in a furnace at 450°C. Solid phase reactions may be described by the following equations:
0.5Al 2 S 3 + Li 3 N = AlN + 1.5Li 2 S, T = 1373 K, (14)
AlCl 3 + 0.5Ca 3 N 2 = AlN + 1.5CaCl 2 , T = 1673 K. (15) In choosing aluminum-containing and nitrogen-containing reagents consideration should be given to stability of the products with respect to reagents, temperature, with which there are reagent phase transformations, and the maximum reaction temperature. Consequently, products should be more stable than reagents in order to provide spontaneous exothermic reaction. Addition of such nitrogen-containing reagents as NH 4 Cl, NaN 3 , and LiNH 2 to an original mixture (as also addition of AlN as a primer) only leads to an increase in content of impurities in final product. Reaction at lower temperature leads to an increase in impurity content, and in fact aluminum oxide in final product. Therefore, the highest temperature exothermic reaction should be selected, i.e., reaction of ammonium chloride with calcium nitride, proceeding at above 2100 K. This method makes it possible to achieve pure AlN preparation rapidly.
According to data in [46] it is also possible to obtain AlN by combustion in a gas phase AlCl 3 + NH 3 + 50Ar = AlN + 3HCl.
The yield from reaction (16) is very modest, i.e., less than 30% with NH 3 stoichiometry, but yield increases with an increase in NH 3 or N 2 content, and an excess of the stoichiometric ratio by a factor of 50 gives a yield close to 100%. The main reason for a low yield with a stoichiometric ratio is NH 3 decomposition. Examples have been obtained thermodynamically close to the ideal. It is possible to reduce the probability of ammonia breakdown with correct choice of reactor materials and formation of stable products AlCl 3 ·(NH 3 ) n (n = 1 -6). In fulfilling these conditions yield increases to 70% with a six-fold excess of NH 3 at 1000°C. An inherent limitation of reaction (16) is the fact that in order to obtain the optimum reaction rates there should be a high temperature, although is provokes NH 3 decomposition, and this reduces yield. It should also be considered that the products obtained as a result of hydrolysis only contain 3 wt.% oxygen. Addition of sodium to the AlCl 3 -NH 3 system may strongly increase the thermodynamic yield with decomposition of NH 3 or without it. As a result of this a yield close to 100% is obtained in this system over a wide temperature range. In addition, reaction with addition of sodium has a number of advantages with respect to reaction (16). First, the reaction is exothermic (2 -1244 kJ/mole), as a result of which there is a reduction in energy consumption. Second, the subsidiary gas product is hydrogen, which may be used as a result of its high thermal value, compared with HCl, which should be collected.
A gas-phase method for preparing AlN powder from AlCl 3 -NH 3 -N 2 is described in [47] . The source of aluminum was selected as aluminum chloride of 98% purity. The sublimation temperature for ammonium chloride is 177.8°C. It was placed in a glass tube and heated to 180°C in an oil bath. Nitrogen was passed through the glass tube in order to remove moisture and oxygen. Aluminum chloride vapor, mixed with high purity nitrogen 99.99% was fed to the central area of the furnace. A strip heater was used in order to prevent aluminum chloride condensation. Then pure ammonia (99.999%) was added to the heated zone. The reactor is a quartz tube, located within a furnace. At the reactor outlet there was a round flask for recovery of powder emerging from the reactor, and in order to extinguish any pressure variations outside the reactor. Synthesis lasted 1 h. The rate of AlN yield was 0.15 -5.5 g/h:
AlCl 3 g + NH 3 g = AlN so + 3HCl g at above 700°C, (17) AlCl 3 g + 4NH 3 g = AlN so + 3NH 4 Cl so at about 350°C. (18) Below 250°C ammonium chloride may be obtained
It is seen from reactions (17) - (19) that AlN and HCl may be obtained within a reactor, if the reaction temperature is quite high in order to suppress reaction (18). At the same time, it is possible to obtain AlN and NH 4 Cl by reactions (18) and (19) from unreacted AlCl 3 , NH 3 , and HCl. This is possible on condition that the temperature outside flask is quite low. Above 130°C there is ammonia dissociation:
In turn nitrogen is not so capable of reaction and reluctantly reacts with ammonium chloride. The maximum yield may be obtained with suppression of ammonia dissociation. With a molar ratio of NH 3 :AlC 3 = 1.5 in the range from 700 to 1000°C a very low yield is obtained, 20% in total. With an increase in molar ration the yield increases. With a molar ratio of 6:1 at 1000°C the yield may reach 70%, and with a ratio of 8:1 it reaches 80%. As a result of this reaction spheroidal shaped powder is obtained with particle sizes of 0.1 -1.0 mm.
A method of synthesizing single-crystal AlN, described in a patent [48] , is based on reaction of gaseous ammonia compounds and nitriding reagent or in the presence of active metal in the high-temperature zone. Crystals of AlN obtained are deposited on a condenser. The process may be represented by the following reactions: 3AlCl g + N 2 g = 2AlN so + AlCl 3 so,
2Al + MgF 2 = 2AlF + Mg,
2AlF g + Mg g + N 2 g = 2AlN so + MgF 2 so.
The degree of aluminum oxidation in compounds should be less than +3, i.e., this is such compounds as AlBr, AlCl 2 , AlF 2 , AlOH, AlI, Al 2 S, AlO, AlS, Al 2 O, or mixtures of them. It is preferred to use aluminum monochloride or monofluoride, or a mixture of them. The nitriding agent used may be any compound, within whose composition there are nitrogen atoms or molecules which under certain conditions may be liberated. Reaction is carried out at a pressure of the order of 1 atm. in presence of inert gas (for example argon). Crystals with a size of 1 -15 mm are obtained as a result of reaction According to technology described, developed by scientific colleagues of the faculty of rare metals and nanomaterials of the Ural Federal University Physicotechnical Institute [49 -52] , methods have been developed for preparing high purity AlN in different forms by reaction of gaseous ammonium trifluoride with molten aluminum with formation of aluminum monofluoride, and then its reaction with nitrogencontaining gas. The preparation method is described by two main reactions:
3AlF g +N 2 g = 2AlN so + AlF 3 g.
Preparation of aluminum monofluoride is carried out in a rotary furnace at 1000 -1300°C by loading a charge of solid aluminum and ammonium trifluoride, and reaction with nitrogen-containing gas is carried out at the surface if a charge, and gas is fed counter to charge movement [53] . The reaction is accomplished at atmospheric pressure. The method provides preparation of very fine highly pure AlN powder, suitable for use in electronics and electrical engineering, and also for creating heat-conducting ceramic objects for use as insulators and as heating unit lining elements.
REACTION OF INORGANIC ALUMINUM COMPOUNDS WITH NITROGEN-CONTAINING ORGANIC COMPOUNDS OR NITROGEN
The method of AlN formation through an organic precursor from anhydrous aluminum chloride and diethyldiamine has been described in an article [54] . In this method anhydrous AlCl 3 and diethylamaine H 2 NCH 2 CH 2 NH 2 (DA) are used as sources of aluminum and nitrogen without further purification. Liquid DA is placed in a flask in order to create a dry nitrogen atmosphere (99.99%). Anhydrous AlCl 3 is slowly added to liquid DA to a molar ratio of 1:10 at room temperature; simultaneously there is flushing with dry nitrogen. The suspension obtained is evaporated with an increase in temperature, then a brownish-white solid product is rapidly precipitated. The solid product is dried at 150°C for 2 h in a dry nitrogen stream in order to remove DA residues, after which it is treated in a vacuum at 100°C for 3 h. The powder may be prepared with calcining for 5 h at 800 -1200°C in a tubular electric furnace with flushing of dry nitrogen. A carbon fiber, placed in the upper part of the tube, is used in order to exclude access of oxygen during flushing of the calcined powder with dry nitrogen. The particle size obtained by this method is less than 25 nm, but due to agglomeration it varies in the range 60 -400 mm.
In order to obtain AlN by nitriding oxygen-containing aluminum compounds [55] Al(NO 3 ) 3 ·6H 2 O (99.999%), 2-ethylhexanoate (96%) and Al(OH) 3 in the form of a gel (>98%), which was previously dried at 180°C for 2 h, at 100°C for 2 h, and 100°C for two days respectively are used, and Al(OCHMe 2 ) 3 was evaporated during hydrolysis in an NH 3 atmosphere, (Al(NMe 2 ) 3 ) 2 was prepared from AlCl 3 and LiNMe 3 , AlH 3 ·NMe 3 from LiAlH 4 and Me 3 N·HCl. Before hydrolysis reagents were ground in a mortar. All of the operations were carried out in a dry nitrogen atmosphere in a cabinet for operating with hazardous substances. A furnace was made in the form of a tube with a corundum lining. The vessel for charging the starting reagents was an alundum boat, and previously the tube and boat were heated to 1500°C and nitrided in an atmosphere of dry ammonia. The reagents were used in small amounts. The rate of gas flow was 85 and 10 cm 3 /min for pyrolysis in ammonia and 50 cm 3 /min for pyrolysis in nitrogen. Gas purity was 99.9995% for both pure ammonia and nitrogen. The heating rate was 3°C/min, holding for 2 h. Then specimens were heated to 1000 -1400°C.
With pyrolysis of ammonium nitrate particles of the AlN obtained had a size of 10 -50 mm, with pyrolysis of hydroxide they were 5 -25 mm, but with use of organic compounds they were less than 500 mm. AlN powder, obtained at 1400°C from hydroxide and nitrate, contained 2.5 and 2.25 wt.% oxygen respectively. AlN powder, obtained at 1500°C from hydroxide, contained 1.50 wt.% oxygen, and powder prepared at 1500°C from organics contained 0.83 wt.% oxygen. Compounds Al(NMe 2 ) 3 and AlH 3 ·NMe 3 are normally considered suitable as reagents for AlN preparation, but in the course of AlN was obtained, or none at all.
REACTION OF ORGANIC COMPOUNDS CONTAINING ALUMINUM AND NITROGEN-CONTAINING ORGANIC COMPOUNDS OR NITROGEN
According to data in [56] preparation of highly pure AlN is achieved due to reaction of aluminum vapor with organic compounds, such as triethyl aluminum, in a stream of ammonia. A heated gaseous aluminum-containing organic compound is fed to the reaction zone; ammonia also enters the reaction zone. Thus, a heated mixture (500 -800°C) of aluminum-containing organic compound and ammonia reacts with formation of highly pure AlN powder. Aluminum nitride is deposited on a substrate, made of any suitable material, for example high-purity graphite, coated with pyrographite. As a result of this highly pure AlN is obtained with an impurity (0.00005 wt.%) silicone.
The method for preparing AlN by carbothermal reduction and nitriding with use of aluminum dicarboxychelates is described in [57] . Preparation of AlN is accomplished from the aluminum compound Al(OH)(C n + 2 H 2n O 4 )·xH 2 O, where n = 3, 6, 8. In order to prepare AlN it is not necessary to mix this compound with any additions. Both crystalline and amorphous reagents were prepared for synthesis and dried at 40°C. Then aluminum dicarbochelate was calcined in a stream of nitrogen (200 ml/min) by two different methods: 1) the powder was calcined in a graphite crucible placed in a reactor made in the form of a tube of aluminum oxide and previously heated to the calcining temperature; 2) powder was placed in an alundum crucible, then at room temperature in a reactor made in the form of an aluminum oxide tube, and then heated to the calcining temperature. The heating rate was 5°C/min. Nitrogen, used for the carbothermal nitriding reaction, was purified from oxygen with passage through a tube containing carbon at 900°C. The remaining carbon was burnt off in the course of subsequent heating at 700°C in an air atmosphere for 1 h. Specimens were dehydrated with calcining at 400°C; dehydration was characterized by weight loss, which steadily decreased up to 600°C. Calcining of specimens was performed in the range 1100 -1400°C for 2 h in a stream of nitrogen. With an increase in calcining temperature the density of AlN powder increased, although there was agglomeration into particles with a diameter of 0.2 mm. Thus, acicular AlN particles were obtained, and this gives to significant property anisotropy.
Preparation of AlN by means of carbothermal reduction in the presence of a burnt precursor is described in [58] . The starting reagents used were Al(NO 3 ) 3 ·9H 2 O (99%), (CO(NH 2 ) 2 (99%) and C 6 H 12 O 6 ·H 2 O. First a solution was prepared by dissolving reagents (aluminum nitrate, urea, and glucose) in water. Then the solution was heated in an electric furnace to 90 -100°C. As a result of solution evaporation a gel-like mass was obtained. On holding the solution suddenly started to boil, and increased in volume, since a considerable amount of gas was released. The whole process took several minutes, as a result of which a black foamy mixture of aluminum oxide and carbon (Al 2 O 3 + C) was obtained. The nitriding reaction was carried in a vertical graphite furnace. The mixture was placed in a graphite crucible. Before heating air was evacuated from furnace and filled with nitrogen in order to remove oxygen before the start of reaction. The mixture in a crucible was placed in the furnace, heated in a stream of nitrogen to 1000 -1600°C for 120 min. The flow rate was 3 liter/min. The carbon remaining was burnt off from the final product in an air atmosphere at 700°C for 60 min. Completeness of the reaction was achieved with temperatures above 1400°C, and therefore it is desirable to carry out synthesis in the range 1400 -1600°C. Ultrafine AlN powder is obtained as a result of this reaction.
A solidifying polymer precursor for AlN preparation is presented in data in [59] . Polymers, containing AlN, prepared with reaction of unsaturated organic nitrile with the formula RCN, where R is 2 -12-carboalkene or alkene group, with dialkene aluminum hydrate with the formula R¢R²AlH, where R¢ and R² identical (or different) 1 -12-carboalkene groups, up to the form of organoaluminum imine, which is heated from 50 to 400°C. Then polymer, containing AlN, may be dissolved in organic solvents not containing hydrogen ions (hexane, toluene, diethyl, etc.) and treated with ammonia or basic amine R 4 NH 2 , where R 4 is 1 -12-carboalkene, cycloalkene, alkane, cycloalkane or aryl group for introducing HN-or R 4 Ngroups into polymer with reaction of transamination splitting off RCH 2 NH 2 or splitting of aluminoalkene bonds.
Aluminum nitride is obtained as a result of pyrolysis at 800 -2200°C, more desirably at 1200 -2000°C, and the best conditions at 1400 -1700°C. Pyrolysis in an ammonia atmosphere may be performed at below 600°C. By means of this method it is possible to obtain films, filaments, and coatings.
According to data in [60] , AlN is obtained from alkaline ammonia salt. Ammonia alkyl is fed to a reactor in a gas phase and heated to 600 -1400°C in an ammonia atmosphere, and a molar ratio from 1:1 to 1:100 respectively. As a result of this amorphous AlN powder is obtained which is calcined at 900 -1200°C in a reducing atmosphere for 0.5 -10 h. In order to remove carbon AlN is calcined at 1500 -1700°C in an inert atmosphere for 2 -5 h. The oxygen and carbon content in the powder obtained are 1.0 and 0.1% respectively.
Another interesting method for preparing AlN is provided in a patent [61] . Carboxyl aromatic acids are used, containing the group -COOAl(OH) 2 , which is prepared with a solution of inorganic aluminum compounds and carboxyl aromatic acid in water, or in an aqueous solution of alkanes in the ratio 1:3 at 60 -90°C. The compound is calcined at 1000°C for 1 h in an inert atmosphere (nitrogen or argon). With a low pH value inorganic substances have a tendency towards low reaction yield, and therefore it is desirable to maintain pH in the range 4 -6; with a higher pH the aromatic compound will not react entirely. Aluminum-containing salts of carboxyl aromatic compounds are insoluble in water, and therefore they may be readily separated in solution. After this the salt is heated in presence of nitrogen to obtain AlN. The heating temperature is 1400 -1650°C, process duration 2 h. Then the remaining carbon should be burnt off in order to obtain pure AlN. Firing is performed at 600 -700°C for 1 -4 h in an oxidizing atmosphere. The spherical particles of AlN are prepared agglomerate into particles a diameter of 1 -10 mm.
According to data published in a patent [62] it is possible to prepare AlN in a gas phase using organic aluminum compounds. Ammonia, heated to 300 -600°C, is passed through a tube in a reactor. At the same time nitrogen-containing gas is fed to the reactor, containing organic aluminum compounds. Then heat treatment of AlN agglomerate obtained follows at 800 -1100°C in a reducing atmosphere. As a result of this AlN powder is obtained with an average particle size of less than 0.06 mm, the degree of agglomeration is less than 10, and the impurity content in final product is less than 300 ppm.
COMBINED ALUMINUM NITRIDE PREPARATION METHODS
Preparation of filamentary AlN, according to data in [63] , is possible by combining several methods for AlN preparation, and in fact:
1 In reactions (26) -(28) "f" signifies that AlN is a filamentary form of particles, and "sp" is spherical. Reaction (26) is exothermic. Heat is absorbed in a carbothermal method by reaction (27). The result of combining these two reactions is less supply of energy to the system from outside in order to maintain reaction. As a result of reaction a combination of AlN is obtained in the form of filaments and particles. It is necessary once to supply heat for initiating the SHS reaction, then the reaction itself will generate heat for occurrence of the rest of the process. In endothermic reaction (27) aluminum oxide in the from of powder reacts with carbon and nitrogen, as a result of which a mixture AlN filaments and particles, and carbon monoxide is obtained. The fact that reaction is endothermic, helps regulate and stabilize reaction temperature in the furnace. In well-known exothermic synthesis of filamentary AlN the reaction temperature should be controlled by means of external cooling attachments, such as circulating cooling gases or liquids. Here the carbothermal reaction does not develop high SHS reaction temperatures in a furnace. If the temperature is not held below the melting of aluminum oxide, then there is an increase in apparent density of the reacting layer (since porosity is reduced) and free nitrogen may react with aluminum oxide quite effectively for a high yield. In addition: if the reaction temperature exceeds 2000°C, the filaments formed may also be broken.
In addition to the first two reactions content of filaments depends on the mechanism of the third reaction. It is assumed that fluorine atoms and ions produced (chloride ions) are liberated from ammonium chloride, and as hydrogen chloride facilitate a transport reaction within which aluminum or aluminum oxide reacts with chlorine atoms and chloride-ions. Transport gases or halogenides react with reduced aluminum or aluminum-containing ions to aluminum chloride, which is transferred to the area of filament growth in a fluidized bed in a vessel. Aluminum oxide is reduced and reacts with nitrogen to AlN, almost entirely consisting of filaments. This mechanism has not yet been studied entirely. However, it is understood that the filament content increases from 20-to 60 vol.% with an average yield from 35 to 40 vol.% with simultaneous occurrence of all three reactions. With excess chlorine (or chloride-ions) the filament content also increases.
USE OF AlN
Due to its valuable physicochemical properties aluminum nitride is used extensively in high-temperature technology as a refractory and electrical insulating material [64] . Electrical insulation sheaths for thermocouples and electrically insulating structural components are prepared from it, operating in corrosive media. The high refractoriness of AlN and chemical stability make it possible to use it for lining electrolyzers, baths, tanks, crucibles for preparing molten aluminum, tin, gallium, molten glass, and boric anhydride at 1300 -2000°C [65] .
Aluminum nitride is used for creating composite materials. With addition of AlN to a polymer matrix there is an improvement in physicochemical and physicomechanical properties of composite material such as thermal conductivity, electrical resistance, wear resistance, etc. [66] . Aluminum nitride is used as an addition in preparing copper paints with high thermal conductivity or corrosion resistance [67] . Films of AlN are used in microelectronics in manufacturing micromodules [68] , integrated circuits, and also as active elements [69 -71] . Due to high corrosion resistance towards molten salt media AlN coatings are used in the nuclear industry [72] .
Aluminum nitride is added (30 wt.%) to nickel or aluminum [73] ; there is a reduction in LTEC, thermal stresses, and an increase in microhardness and density. Specimens only exhibit open porosity, and matrix grain size (in particular nickel) hardly increase on sintering.
Together with titanium nitride AlN is used for coating steel, operating in corrosive media, such as water vapor at 600°C, sodium chloride, etc. The best properties, and in fact adhesion and microhardness, have been obtained with use of modifications of (Ti 0.6 Al 0.4 )N. In this ratio corrosion was not observed at above 800°C and holding for 10 h [74] .
CONCLUSION
A study is presented in this article of Russian and overseas sources for AlN preparation methods. Sources included the most interesting monographs, scientific articles, and patents for inventions, industrial examples, and useful models. On the basis of analyzing the data provided both basic and relatively simple technology, and also non-standard innovative procedures have been selected and presented, making it possible to formulate a complete picture for AlN preparation methods in the world.
Classification of preparation methods with respect to basic mechanism of chemical reaction for starting components made it possible to separate five comprehensive groups and to combine methods with a mixed type of chemical reaction into six groups, which makes it possible to find rapidly a description of a required method or see the main production principles of a group of methods as a whole. However, a study of the data presented showed that AlN, prepared by means of different methods, even within the scope of one group of methods, may differ considerably with respect to physicomechanical properties, equipment formulation, and economic expenditure for accomplishing it. Therefore in selecting a preparation method it is mainly necessary to proceed from requirements that are laid down for a nitride material for producing objects in some particular branch. Today, mainly as critical AlN parameters thermal conductivity and resistance at elevated temperature with respect to solid or liquid metals are selected. Of the most assimilated technology today SHS with aluminum metal in a nitrogen atmosphere, or carbothermal reduction of aluminum oxide in a nitrogen atmosphere are used. Each of these methods has disadvantages with certain simplicity of the production formulation. In order to produce objects in new branches, materials are required with improved physicomechanical properties with simultaneously relatively low production expenditure for implementing preparation technology. This may explain the steady search for new and improved methods of preparing these materials, and this is reflected in this review.
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